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ABSTRACT (U)

* A He-Xe rare gas laser has previously been reported to emit at several wavelengths in the 2 to
4um region, in continuous wave and modulated modes. This Research Note discusses the
effect of variation of discharge parameters on the output power and pulse energy at two
infrared wavelengths of 3.894 and 3.995 um.
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1 INTRODUCTION

As part of an Air Force-sponsored task into applications of rare gas lasers (1), a He-Xe laser was
investigated. This laser was operated in a modulated mode at selected wavelengths which lie in the
atmospheric window around 4 um. Irradiation by low level lasers requires accurate knowledge of the
effect of laser discharge parameters on the output energy if full advantage is to be taken of the
available laser power.

This Research Note discusses the effect of variation in discharge parameters (total pressure, He:Xe
partial pressure ratio, current and duty cycle) upon the output power and pulse energy at wavelengths
3.894 and 3.995 um.

2 EQUIPMENT

Figure 1 shows a schematic diagram of the equipment. It consists of a commercial He-Xe laser
(Advance Kinetics, model XeHe-1) which produces laser radiation at a number of wavelengths in the 2
to 4 um region, a 0.125 m monochromator (Oriel, model 7240) to disperse the infrared laser radiation, a
PbSe sensor (Opto- Electronics, model OTC-125-81T) to detect the radiation, and an XT-compatible
microcomputer to digitize and store the data. The apparatus used in this work was described in detail
in a previous Report (1).

The difference between this work and that described in Reference 1 is that the rear mirror in the laser
cavity was replaced by a grating, to enable the laser to be selectively tuned. The grating is a
300 lines/mm master, ruled on a copper block with gold plating. At the blaze angle the reflectivity of
the grating is more than 95%. The laser is tuned to different lines by adjusting the vertical micrometer.
There is a total angular variation of 12° available about the horizontal axis. The grating and output
coupler can be remotely operated by an AMM-4 Motor Controller.

3 RESULTS

The wavelengths and upper and lower states (Racah notation, (2)) of the observed laser transitions are
listed in Table 1.

Table1 Observed He-Xe Laser Lines

Wavelength [um] Upper State Lower State
3.894 5d(7/213* 6pl5/2l3
3.995 5d[1/2]p° 6pl1/2)

These transitions, and the non-lasing transitions which depopulate their lower levels, are shown in a
schematic of the energy diagram of xenon (Figure 2). Shown for comparison are the previously-
observed laser transitions obtained by using the rear mirror (1).

3.1 3.894 um Line
3.1.1 Output as a Function of He:Xe Ratio at 100 mA

3.1.1.1 Temporal Profiles

Temporal profiles of output power were measured as functions of partial pressure ratio,
under the following conditions: modulation frequency 125 Hz, 50% duty cycle, 100 mA peak
current, He:Xe ranging from =60:1 to 320:1 at total pressures of 11 and 20 torr.

Figure 3a shows the temporal profiles versus He:Xe ratio at a total pressure of 11 torr. At
high He:Xe ratios the 3.894 um output power closely follows the square current pulse,
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except for initially overshooting the equilibrium value. As the mixture becomes richer in
Xe, i.e. as He:Xe decreases, the initial peak becomes more prominent as the output in the
later stages of the current pulse decays. At a He:Xe ratio of 70:1 there is no output after
0.3 ms. This phenomenon is probably a result of a change in the electron energy
distribution (3). The mechanism cf the dependence can only be determined after further
investigation.

The results at a pressure of 20 torr exhibit similar features for He:Xe ratios up to 150:1
(Figure 3b). At higher ratios, however, the power tends to decrease, especially at later
stages of the pulse. At the highest He:Xe ratio (325:1) there is no output after 0.3 ms.

3.1.1.2 Pulse Energy

Pulse energies were calculated by numerically integrating the area under each temporal
profile. These values are in arbitrary, but internally consistent, units. The results are
presented in Figure 4. The output is higher at 11 torr total pressure than at 20 torr for all
partial pressure ratios. At both total pressures, however, the pulse energy peaks at a
He:Xe ratio of 140:1. Note that, in the continuous wave (cw) case, the He:Xe ratio for
maximum power is 180:1 (4).

3.1.2  Output as a Function of Discharge Current
3.1.2.1 Pulse Energy

Pulse energy was measured as a function of discharge current, under the following
conditions: modulation frequency 125 Hz, 50% duty cycle, 11 torr total pressure,
He:Xe = 140:1. For comparison, these measurements were repeated with He:Xe ratios of
100:1 (optimum for total cw output on all lines) and 180:1 (optimum for cw 3.894 p—).

At a He:Xe ratio of 100:1 the maximum pulse energy occurs at a peak current of 60 mA
(Figure 5). At the other two ratios, however, the output increases monotonically with
current. The output with a ratio of 140:1 is higher than that at 180:1 at all currents. For
each total pressure there is a critical current, below which there is very little laser
output. The value of this current increases with increasing He:Xe ratio.

3.1.2.2 Temporal Profiles

The temporal profiles at a He:Xe ratio of 140:1 are shown in Figure 6a. At a peak current
of 20 mA there is only laser output during the first 0.3 ms of the current. At higher currents
the output follows the current pulse, apart from initially overshooting the equilibrium
value. The behaviour with a He:Xe ratio of 180:1 has similar trends. With
He:Xe = 100:1, however, the temporal profiles behave differently. In that case
(Figure 6b) there is significant output with 20 mA peak current. The profile at 60 mA (the
optimum current) follows the current pulse shape. Increasing the current beyond this value
results in the output in the later stages of the pulse decaying.
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3.1.3 Output as a Function of Total Pressure

3.1.3.1 Pulse Energy

The effect of total gas pressure was investigated by measuring the pulse energy at a range
of pressures from 11 to 30 torr, at constant He:Xe ratio of 140:1. The modulation frequency
(125 Hz) and duty cycle (50%) were the same as in the previous measurements.

The output increases with decreasing pressure at all currents (Figure 7). At 11 torr the
pulse energy increases monotonically with current, but at higher pressures there is an
optimum current which decreases with increasing pressure. The minimum current required
for laser output increases with increasing total pressure.

3.1.3.2 Temporal Profiles

Figure 8 shows the temporal profiles at peak currents of 80 mA for a range of total
pressures. At 11 torr the output has a "square” profile, with the initial overshoot. As the
pressure is increased the relative intensity at later stages of the pulse decreases until, at
30 torr, there is no laser output after 0.3 ms.

3.1.4 Output as a Function of Duty Cycle

The output was measured versus duty cycle under the following conditions: 125 Hz modulation
frequency, 11 torr total pressure, He:Xe = 140:1, 100 mA peak current. The results are shown in
Figure 9, which indicates that the output is linear with duty cycle. The line, however, does not
pass through the origin (there is no output at = 1% duty cycle).

The linearity of this plot is due to the fact that, under these operating conditions, the temporal
profile of the laser output closely follows the (square) shape of the current pulse (Figure 10). We
would therefore not expect linearity for richer Xe mixtures (Section 3.1.1.1).

3.995 um Line

3.2.1 Output as a Function of He:Xe Ratio

The output at 3.995 um was measured as a function of He:Xe ratio under the following conditions:
modulation frequency 125 Hz, 100 mA peak current, duty cycle 3% (there is little output at duty
cycles greater than 7% - see Section 3.2.2), He:Xe = 33:1 to 130:1, total pressure 11 torr.

The results are shown in Figure 11. There is a region in which the pulse energy is at a maximum,
with the curve having a broad peak from He:Xe = 55:1 to 80:1.

3.2.2  Output as a Function of Duty Cycle

3.2.2.1 Pulse Energy

The effect of duty cycle on pulse energy was investigated by repeating the measurements of
Section 3.2.1 at a range of duty cycles from 3% to 7%. (The laser power supply can, in fact,
operate at a duty cycle of 2%, but the laser output is unstable at this value.)

The results (Figure 12) show that the optimum He:Xe ratio (i.e. the one at which
maximum pulse energy occurs) increases for increasing duty cycle. The pulse energy,
however, decreases with increasing duty cycle. The maximum pulse energy is achieved at
3% duty cycle. The output at 7% duty cycle is very low, and is independent of the He:Xe
ratio.

LDNCLASGIRIED, PR SENNa———
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Figure 13 shows the pulse energy as a function of duty cycle for He:Xe ratios of 79:1 and
103:1. In contrast to the behaviour of the 3.894 um line (Figure 9) the relationship
between pulse energy and duty cycle is non-linear. Moreover, the energy of the 3.995 um
line decreases with increasing duty cycle under these discharge conditions.

3.2.2.2 Temporal Profiles

Figure 14 shows the temporal profiles at 3% duty cycle for a range of He:Xe ratios. At
He:Xe ratios less than 90:1 there is a small initial peak in power after 0.02 ms, with the
maximum power occurring at 0.14 ms. The initial peak becomes less distinct as the He:Xe
ratio increases. With Xe-lean mixtures (i.e. for high He:Xe ratios) the profile only has
the main peak, and is 0.34 ms wide across the base. The main peak occurs at 0.14 ms at all
He:Xe ratios.

The temporal profiles at a He:Xe ratio of 105:1 and duty cycles of 3 to 7% are shown in
Figure 15. It is particularly interesting to note that the output laser pulse decreases in
width as the current pulse increases. This may be due to the relaxation time of the lower
laser level (5d[1/2]0°) being too long for it to clear between current pulses at higher duty
cycles. Research is currently being undertaken to elucidate this phenomenon.

3.2.3 Output as a Function of Current

The effect on the 3.995 um line of varying current at a constant duty cycle and He:Xe ratio was
investigated. This was performed at a modulation frequency of 125 Hz and at a total pressure of
11 torr.

The results are shown in Figures 16a, b and ¢ for He:Xe ratios of 80:1, 90:1 and 100:1,
respectively. At each pressure the optimum current increases as the duty cycle decreases. The
maximum output is achieved with 5% duty cycle, He:Xe = 90:1 and a peak current of 60 mA.
These data are plotted in an alternative fashion in Figures 17a,b and ¢. The optimum current
increases as the He:Xe ratio increases i.e. as the mixture becomes leaner in Xe.

Figure 18 shows the temporal profiles at He:Xe = 90:1, a peak current of 60 mA, and duty cycles
of 3, 4 and 5%. In contrast to the results of Section 3.2.2.2, the laser pulse broadens with
increasing duty cycle under these discharge conditions.

4 DISCUSSION

The spectrometer system described in this Research Note has been used to parametrically characterize
a commercial He-Xe laser. This laser (Advance Kinetics, model XeHe-1) was described in detail in a
previous Technical Report (1). In order to enhance output in the 4 um region the rear mirror in the laser
cavity was replaced by a grating. This enables the laser to be selectively tuned.

Lasing was observed at two wavelengths in this region using a modulated discharge (Table 1). One of
these wavelengths (3.894 um) is not observed using a rear mirror (1), and the other (3.995 um) has its
output significantly enhanced by using the grating,.

The fact that the 3.894 um line will not lase when a rear mirror is used can be explained in part by
reference to the energy level diagram of Xe (Figure 2). This line shares a common upper level
(5d(7/2]3°) with the 3.507 um line. Due to the exceptionally high gain of this latter line (5) it is
preferentially amplified. However, when a grating is used the feedback loop can be restricted to the
3.894 um line. (In general, however, the power of individual lines drops when the rear murror is
replaced by a grating. This is probably due to the difference in reflectivities: 95% for the grating and
=100% for the mirror.)
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The optimum conditions for pulsed lasing were identified for each of these two lines. These are
summarized in Table 2.

Table2 Optimum Conditions for 3.894 and 3.995 um Laser Lines.

Wavelength [um]
3.894 3.995
Pressure (torr] 11 11
He:Xe 140:1 90:1
Peak Current [mA] 100 60
Duty Cycle [%] CwW 5
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PULSE ENERGY OF 3.894um LINE
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Figure 16 Pulse energy of 3.995 um line versus current at He:Xe ratios of (a) 80:1,
(b) 90:1 and (c) 100:1.
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Figure 17 Pulse energy of 3.995 um line versus current at duty cycles of (a) 3%, (b) 4% and (c) 5%.
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Figure 18 Temporal profiles of 3.995 um line with He:Xe ratio of 90:1
and a peak current of 60 mA.
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